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(54) Precision cleaving of optical fibres 

(57) Inthescoringofanopticalfibre 
held straight and taut between linearly 
aligned clamps, thetwo clampsare 
applied sequentially in order to 
minimise fibre torsion. 

As shown, fibre 101 is placed in the 
V-grooves of aligned chucks 102, 1 08, 
then secured by sequentially screwing 
down clamps 1 04, 1 1 0, then tensioned 
by operating screw 203, and scored by 
transverse movement of needle 118 
(Fig. 4). Cleavage, if not spontaneous, is 
aided by moisture or further tensioning. 

Advantage: The resulting endfaces 
are flat and perpendicular to the fibre 
axis to within 1°, often to within 0.5°, thus 
permitting low-loss splicing. 
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FIG. 3 




1 



Best Available Copy 



GB2118539A 



1 



SPECIFICATION 

Precision cleaving of optical fibers 

5 Thisinvention relates to a method of cleaving 
optical fibers, and fibers joined after preparation 
thereby. 

Optical fibers are prepared prior to splicing to 
another fiber, or joining to 8 terminating device, by 

10 cleaving the fiberto obtain a high-quality endf ace. In 
order to obtain low optical losses, the endface of the 
fiber must be substantially flat and without flaws. One 
technique for cleaving optical fibers is described in 
"Optical Fiber End Preparation for Low Loss Splices," 

15 by D, Gloge et al. Belt System TechnicalJourna!,\fo\ . 
52, page 1579 { t973). In that technique, a fiber is 
clamped into position, and a curved form is pressed 
against thefiber to obtain a curvature. A scoring 
blade is next passed over the curved fiber. Thefiber 

20 then typical ly breaks in such a way as to produce a flat 
endface; see also U.S. Patent No. 3,934,773. In other 
cleaving methods, a fiber is inserted in a tool, and a 
scribing wheel is turned to score the fiber substantial- 
ly around its circumference. A slight tension then 

25 results in a break of thefiber. Another technique for 
cleaving fibers is to manually grasp a section of bare 
fiber and scribe it across a hard edge, and thereafter 
pull it straight i n order to snap the fiber at the scratch ; 
see "Fibers— SimpleTesting Methods Give Users a 

30 Feel for Cable Parameters," by R. B. Chesler and F. W. 
Dabby in Electronics, pages 90-92, August 5, 1 976. 

In addition to endface quality, one parameter of 
importance is the angle of the endface to the axis of 
thefiber. It is desirable that the plane of the endface 

35 be normal to the fiber axis, with the "fracture angle" 
measuring deviation from the normal. It has been 
found that torsion adversely affects the fracture angle 
when cleaving afiber; see 'Torsion Effects on 
Fractured Fiber Ends/' by M. J. Saunders, Applied 

40 Optics, Vol. 80, page 1480 (1 979). The method for 
measuring or reducing torsion given therein was to 
hang a portion of the fiber vertically With a weight 
until it achieved a neutral position. For measuring the 
effects of torsion, a scored fiber was rotated a certain 

45 amount, a tension applied, and the resulting fracture 
angle measured. 

With the advent of single mode optical fibers, the 
quality of the splice between fibers is especially 
important. This is because single mode optical fibers 

50 can have a very low loss; for example, on the order of 
0.3 to 0.5 db/km for radiation having a wavelength of 
about 1 .3 or 1 .55 micrometers, It is evident that even 
very lowvalues of additional loss introduced by 
splices will significantly limit the spacing between 

55 repeaters in such low loss fibers. For exa mple, if a 
splice is placed on average every kilometer in a fiber 
that has an inherent loss of 0.4 db/km, and if the splice 
itself adds an additional 0.2 db loss, the average loss 
ofthespiicedfiberwill be0.6 db/km. However, if the 

60 splice loss were reduced to 0.1 db,the average loss of 
the spliced fiber would be 0.5 db/km. Foratypical 
single mode optical fiber system operating in a 
wavelength range of about 1.3 to 1.55 micrometers, 
this reduction in loss is estimated to yield an increase 

65 in maximum repeater spacing of about 1 to2 



kilometers. Therefore, a very significant economic 
benefit is realized by reducing the splice loss between 
low loss fibers. Forthis reason, special attention must 
be paid to preparing the ends of optical fibers priorto 

70 splicing. 

According to one aspect of the present invention 
there is provided a method of cleaving an optical 
fiber, said method comprising securing a first portion 
of said fiberto a first linear alignment means; 

75 allowing an end of thefiberto rotate freely, thereby 
minimizing the torsion of the fiber at least between 
said first portion and said end; securing a second 
portion of said fiber that is between said first portion 
and said eric! to a second linear alignmentmeans; - 

80 applying a tension to said fiber between said first and 
second portions, with said fibers being substantially 
straight between, and in alignment with, said first and 
second portions; and scratching the surface of said 
fiber substantial !y perpendicularly to the axis of said 

85 fiber at a point between said first and second 
portions; with the scratch thereby formed on the 
surface of said fiber thereafter propagating through 
said fiber. 

According to another aspect of the present inven- 
90 tion there is provided apparatus for cleaving one or 
more optical fibers, comprising first and second 
linear alignment means having one or more linear 
grooves therein, with the one or more grooves in said 
first alignment means being substantially linearly 
95 aligned with the corresponding one or more grooves 
in said second alignmentmeans; means for securing 
one or more fibers placed in said grooves; means for 
supporting said one or more fibers between said first 
and second alignmentmeans so that said one or 

100 more fibers are substantially straight between said 
first and second alignmentmeans; means for linearly 
moving at least one of said alignment means so as to 
produce an axial tension in said one or more fibers 
secured therein; and means for scoring said one or 

105 more fibers. 

In the preferred embodimentthere is provided a 
method of cleaving an optical fiberwhereby thefiber 
is placed in linear alignment means and secured 
along a first portion of its length. An end of the fiber is 

110 allowed to rotate unconstrained so that torsion is 

substantially minimized. A second portion of thefiber 
is then secured, and an axial tension applied to the 
fiber. The tensioned fiber is substantially straight 
between,and in alignment with, the first and second 

115 portions. The fiber is next scored at a point between 
the first and second portions where the coating ofthe 
fiber, if any, has been previously removed. The fiber 
then breaks of itself in some cases. In other cases, 
additional tension is applied, or moisture is intro- 

120 duced into the scored area of thefiberto promote 
cleavage of the fiber. The endfaces that result are 
substantially flat and typically perpendicular to the 
axis of thefiberto within 1 degree and frequently 
within 1/2 degree. Low loss fiber splices, typically by 

1 25 cement splicing or fusion splicing, can thereafter be 
achieved. 

For a better understanding ofthe invention, refer- 
ence is made to the accompanying drawings, in 
which: 

130 FIG. 1 shows an apparatus suitable for practicing 
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the present invention and the component parts 
thereof; 

FIG. 2 shows the apparatus in position to tension 
and score an optical fiber; 
5 FIG. 3 and 4 show the operation of scoring an 
optical fiber, and subsequent cleavage of the fiber. 

In the above Figures, the diameter of the optica) 
fiber is shown enlarged from typical values for 
improved clarity. 

10 The following description relates to a method of 
cleaving an optical fiber. An apparatus suitable for 
practicing the present invention is shown in FIG. 1 
wherein an optical fiber 101 is placed in chucks 102 
and 1 08 having V-shaped grooves running axially 

15 therethrough. The grooved chucks serve in part to 
obtaina linearalignment of thefiber portion therein. 
The V-g rooves are themselves conveniently aligned 
prior to operation with the use of parallel bars placed 
on the outside of chucks 1 02 and 1 08, or by the use of 

20 a straight rod placed in the V-g rooves. It is recom- 
mended to have a maximum deviation from linearity 
of the V-grooves of less than 1 degree in any plane. A 
first securing means for securing a first portion of the 
fiber comprises clamp 1 04 having compliant member 

25 1 05 attached thereto, stationary threaded plate 1 07, 
and clamp adjusting screw 1 06. A second securing 
means comprises ciamp 110, compliant member 111, 
stations ry threaded plate 113, and screw 1 1 2. It has 
been found that neoprene rubber having a durometer 

30 rating of about 60 is suitable for the compliant 

members 105 and 111. The fiber passes across stage 
115 and compliant layer 1 14 between the first and 
second chucks. The height of stage 1 1 5 Is such that 
when the fiber is secu red in the V-grooves, the fi ber 

35 lies fiat on layer 114, with substantially no bending of 
the fiber between the chucks. 

Pivot arm 11 7, which com prises the scoring means, 
is shown in the raised position. Scoring needle 1 18 is 
attached to lever 1 19 which pivots on pin 120, having 

40 a rest position that is determined by member 1 21 . A 
satisfactory scoring needle is a phonograph stylus 
diamond having a 5 micrometer wide tip and a body 
angle of 60 degrees. A scoring needle force of about 
1.5 grams has been found suitable for cleaving a silica 

45 fiber having an outer (cladding) diameter of 125 
micrometers. 

The operation of the device will now be illustrated. 
If thefiber is coated, the portion to be scored is bared 
of coating. For a silica fiber coated with an epoxy 

50 acrylate, it has been found that methylene chloride 
solution is a satisfactory coating solvent, with others 
known in the art for various coating materials. The 
fiber 1 01 is placed into the V-groove of the chucks so 
that at least one end of the fiber is sufficiently close to 

55 a chuck so that allowing the fiber to remain uncon- 
strained substantially reduces torsion in the fiber. In 
addition, minimizing the fiber overhang on one end 
minimizes bending of thefiber when secured in the 
chucks. It is recommended that one end of thefiber 

60 overhang no more than about 4 inches off the end of 
the chuck forthese purposes. 

Assuming that the.short end of thefiber extends to 
the right of alignment means 108 as viewed, a 
vacuum is next applied first to the V-groove in chuck 

65 102through port 103. The vacuum port communi- 



cates with a slot in the bottom of the V-groove. This 
vacuum holds the fiber in the V-groove for conveni- 
ence of performing the following operation, but is not 
necessary for the successful operation of the device. 
70 Screw 1 06 is next turned to lower members 104 and 
105 onto a first portion of the fiber, so that compliant 
member 1 05 presses the fiber into the V-groove. (The 
fiber coating should be left on the portion to be thus 
secured to minimize the possibility of damage to the 
75 fiber). Since the right-hand sideof the fiber is still free 
to rotate, any torsion is substantia fry removed by 
rotation of the free end. Then, a vacuum is applied 
through port 109 to a similar slot at the bottom of the 

V=groove in chuck 108; which pulls the fiber down into- 

80 the groove while adding minimal torsion to thefiber. 
Next, the right-hand screw 1 12 is turned to lower 
member 1 10, thereby pressing member 111 onto the 
fiber. The V-groove geometry, as well as the shape 
and compliance of mem ber 111, allow the fiber to be 
85 securely clamped while adding minimal torsion . (The 
fracture angles subsequently achieved indicate that a 
torsion of less than 1 degree/cm is typically achieved, 
as estimated from the data given by the Saunders 
article noted above). 
90 Referring to FIG. 2, the arm 1 1 7 is next rotated so as 
to position scoring member 1 18 to one side of the 
fiber. The rest position of member 1 1 8 is adjusted so 
that the scoring member is about 1/4 of a fiber 
diameter below the top surface of thefiber. The 
95 vertical position of member 1 1 8 is adjusted by 
micropositioner screw 201 , which adjusts the posi- 
tion of sliding stage 205 on arm 1 17. Thefiber is next 
tensioned by adjusting microposittoning screw 203 
which moves stage 204 on which chuck 1 08 is 

100 fastened. Thefiber is substantially straight (unbent) 
between chucks 102 and 108, so that the tension is 
substantially uniform across the diameter of the fiber. 
Stretching the fiber by moving the stage 204 about 
5.5 mils has been found satisfactory for a silica optical 

105 fiber having an outside diameter of approximately 
1 25 micrometers. Next, micro positioning screw 202 
is used to move sliding stage 206 in relation to 
mem ber 205. This moves scoring needle 1 18 at right 
angles to the axis of the fiber, and thereby d raws the 

110 scoring needle 118 over a portion of the su rf ace of the 
fiber; see FIG. 3. This results in scoring the fiber; that 
is, producing a small scratch at the point of contact 
between needle 118 and thefiber.. 
After scoring, the fiber in some cases cleaves of its 

115 own accord, due to the tension previously applied; 
see FIG. 4. In other cases, additional tension is applied 
by micropositioner screw 2Q3 to encourage the fiber 
to break. This can also be accomplished in many 
cases by providing moisture in the vicinity of the 

120 scratch on the fiber. It has been found that simply 
breathing on the fiber induces cleavage in many 
cases. This is apparently due to water molecules 
entering the scratch and rapidly propagating it 
through the fiber. 

1 25 Fibers cleaved according to this technique have 
been found to yield endfaces that are substantially 
fiat and perpendicular to the axis of thefiber. In a test 
in which 136 fibers were cleaved, the fracture angle 
was less than 1 degree in approximately 99 percen- 

130 tageofthe cases, and fessthan 1/2 degree in 
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approximately 79 percentage of the cases. Itappears 
that th ese very advantageous results a re due to :( 1 ) 
low torsion inthefiber; (2) the tension in the fiber 
during scoring; and (3) the absence of bending in the 
5 tensioned portion of the fiber during the propagating 
of the scratch through the fiber. In addition, the 
sequence of operations shown above is significant 
for obtaining these desired conditions. 
The present technique is advantageous for prepar- 

10 ing fibers to be joined by means of connectors or 
splices- It has been found that when the cement 
splicing technique is used, losses in single mode 

optical fibers having a core diameter.of approximate^ 

Iy8to9micrometershaveaveragedlessthan0.1 db. 

1 5 While losses in fused fibers are typically hig her than 
those of cemented splices due to core deformation 
and misalignment due to surface tension effects, 
cleaving the fiber according to this technique is also 
advantageous prior to fusion splicing. It can be seen 

20 that with the significant economic advantages 
obtained with low loss splices, the value of the 
presenttechnique in many cases resides primarily in 
the reduced overall costs of an optical fiber system. 
While the foregoing embodiment has been shown 

25 intermsof cleaving a single fiber, it is apparent that it 
can be extended to cleaving multiple fibers, as by 
providing multiple V-groovesthat allow cleaving 
device 1 1 8 to scratch several fibers in one pass. While 
the clamping members shown herein have been 

30 found to be very useful in maintaining a high degree 
of linear alignment while allowing torsion effects to 
be relieved when practiced according to the present 
technique, it can be seen that other means for 
securing the fibers can be utilized according to the 

35 principles of the present invention. Ail such variations 
and deviations utilizing the teachings through which 
the present invention has advanced the art are 
considered to be within the spirit and scope of the 
present invention. 

40 CLAIMS 

1 . A method of cleaving an optical fiber, said 
method comprising securing a first portion of said 
fibertoafirst linear alignmentmeans; allowing an 
end of thefiberto rotate freely, thereby minimizing 

45 thetorsion of the fiber at least between said first 
portion and said end; securing a second portion of 
said fiber that is between said first portion and said 
end to a second linear alignment means; applying a 
tension to said fiber between said first and second 

50 portions, with said fibers being substantially straight 
between, and in alignment with, said first and second 
portions; and scratching the surface of said fiber 
substantially perpendicularly to the axis of said fiber 
at a point between said first and second portions; 

55 with the scratch thereby formed on the surface of said 
fiberthereafter propagating through said fiber. 

2. Amethodaccordingtoclaim 1, whereinthe 
propagating of said scratch is promoted byincreas- 
ing the tension on saidfiberfollowing said scoring. 

60 3. Amethodaccordingtoclaim 1, or 2, wherein 
the propagating of said scratch is promoted by 
providing moisture in the vicinity of said scratch. 

4. A method according to claim 1 , 2, or 3, wherein 
the endface resulting from said operation is perpen- 

65 diculartothe axisof saidfiberto within 1 degree. 



5. A method comprising the step of joining the 
ends of two optical fiber segments, wherein at least 
one of said ends isformed according to the method 
according to claim 1 , 2, 3, or 4. 
70 6. Anopticalfibercomprisingsegmentsjoined 
according to the method according to claim 5. 

7. Apparatusforcleavingoneormoreoptical 
fibers, comprising first and second linear alignment 
means having one or more linear grooves therein, 

75 with the one or more grooves i n said first alignment 
means being substantially linearly aligned with the 
corresponding one or more grooves in said second 

alignment me ans; meansfor securin g oneor more 

fibers placed in said grooves; meansfor supporting 

80 said one or more fibers between said first and second 
alignment means so that said one o r more fibers are 
substantially straight between said first and second 
alignmentmeans; meansfor linearly moving at least 
one of said alignment means so as to produce an axial 

85 tension in said one or more fibers secu red therein ; 
and meansfor scoring said one or more fibers. 

8. Apparatus according to claim 7, wherein said 
meansforsecuringcomprisesacompllantmember 
adapted to pressing said one or more fibers into said 

90 one or more grooves. 

9. Apparatus according to claim 7, or 8, wherein 
said one or more grooves in at least one of said 
alignment means comprises a passageway adapted 
for communicating with a source of vacuum, and 

95 further adapted for pulling fibers downward into said 
grooves upon application of a vacuum. 

1 0. A method of cleaving an optical fiber, substan- 
tially as hereinbefore described with reference to the 
accompanying drawings. 

100 11. Apparatus for cleaving optical fibers, substan- 
tially as hereinbefore described with reference to the 
accompanying drawings. 
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